Radio-frequency quadrupole (RFQ) linacs' ,2 are becoming widely accepted in the accelerator community. They have the remarkable capability of simultaneously bunching low-energy ion beams and accelerating them to energies at which conventional accelerators can be used, accomplishing this with hightransmission efficiencies and low-emittance growths. The electric fields, used for radial focusing, bunching, and accelerating, are determined by the geometry of the vane tips. The choice of the best vane-tip geometry depends on considerations such as the peak surface electric field, per cent of higher multipole components, and ease of machining.
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We review the vane-tip geometry based on the "ideal" two-term potential function and briefly describe a method for calculating the At any longitudinal position, the transverse cross sections of the isopotential surfaces from Eq. (1) are approximate hyperbolae. In practice, the vane tips cannot conform exactly to these shapes because adjacent vanes would approach each other asymptotically, and the surface electric field would increase indefinitely. Also, hyperbolic surfaces are more difficult to machine than circular cross sections. For these reasons, RFQ vane tips have been machined with circular arcs. The earlier versions machined at Los Alamos had longitudinal profiles agreeing with Eq. (4) and circular tips with radii given by Eq. (5).
Calculation of Fields for Arbitrary Geometries
For arbitrary vane-tip geometries, including the geometry described in the previous section, one needs a reliable method for calculating the surface electric field. Our approach to this-problem has been to find a good approximation for the charge density induced on the vane-tip surfaces and then to derive the field information from the charge density. For example, the electric field at any point on the vane-tip surface is directly proportional to the charge density at that point; the intervane capacitance is proportional to the total charge on a vane tip. The 
;l I 9, These geometry types are summarized in Table I 
Comparison for a Particular Example
To compare the properties of these five geometries, it is helpful to take a particular example for an RFQ linac and to see how various characteristics depend on the geometry. The characteristics include the field enhancement factor, the minimum aperture, the modulation parameter, the intervane capacitance per unit length, and the amplitudes of the various multipole components. For the particular example, we take the prototype design for FMIT, an 80-MHz RFQ that accelerates deuterons from 0.075 to 2.0 MeV. Figs. 1, 2, and 3 . Figure 1 shows the field enhancement factor, the minimum aperture, the modulation parameter, and the intervane capacitance, all calculated at each cell and plotted against longitudinal distance along the RFQ. We define an enhancement factor, K, for each cell by
where Es is the cell's peak surface field. Note in Fig. 1 that K can be reduced %10% using Pt = 0.75 r0.
Also, the capacitance between vane tips is relatively constant for the geometries having Pt proportional to ro. In the first sum, the even m coefficients are zero because of symmetry; in the second sum, the coefficients are zero when m and n are both even or both odd. The eight lowest order, nonzero coefficients are shown in Figs. 2 (Table I ). According to a study5 using a multiparticle program, the beam quality produced by this RFQ was unaffected by the higher order multipoles. a 0 i*----
